The aim of this work was to study the influence of sucrose and glucose, amino acids and BAP (6-Benzylaminopurine) levels on in vitro shoot regeneration of fox grape cv. Bordô and grapevine cv. Chardonnay. The nodal segments from micropropagated material were used as explants and half-strength MS medium as the basal medium. Sucrose and glucose at 15, 30 and 45 g.L -1 were tested as a carbon source and the supplementation of adenine, asparagine, alanine, glycine, cysteine, glutamine, arginine was tested at 40 g.L -1. The BAP levels (1 and 5 µM) in solid and double-phase media were evaluated and compared with a control medium without BAP. Bordô had best in vitro growth than Chardonnay. Sucrose was a better carbohydrate source than glucose for both the cultivars. Bordô and Chardonnay had different amino acid preferences for some parameters. In conclusion, for in vitro shoot regeneration from the nodal segments, culture on solid medium with 5 µM BAP, 15 g.L -1 sucrose for Bordô and 45 g.L -1 sucrose for Chardonnay showed better results. Similarly, the supplementation of 40 g.L -1 arginine for Bordô and 40 g.L -1 arginine or glycine for Chardonnay showed better results.
INTRODUCTION
The fox grape cv. Bordô is a fruit crop with easy adaptation to the variability of soil and climate conditions, good productivity, longevity and relative rusticity. Bordô fruits can be used to prepare red wine, juice, vinegar, and jellies and can also be consumed in natural form. The grapevine cv. Chardonnay is a green-skinned grape variety used to make white wine. Chardonnay is relatively easy to cultivate and can adapt to different conditions (Robinson 1999) .
Nevertheless, grapevine culture shows several problems, mainly with the pests and diseases Botelho et al. 2010) . Conventional genetic breeding is used to solve several problems but has some limitations. Abiotic and biotic stress can be totally or partially overcome via genetic transformation. Viral resistance incorporated via genetic transformation is becoming increasingly important and is likely to provide more effective strategies in the future (Rodrigues et al. 2009 ). The development of micropropagation protocols, somatic embryogenesis and cell suspension cultures represent the possibility to overcome the difficulties found in the current system of grapevines propagation. Moreover, these techniques allow the support for genetic breeding via biotechnological approaches such as somatic hybridization and genetic transformation, which are dependent on efficient protocols for plant regeneration (Carvalho et al. 2011) . The clonal propagation is the favorite method in many parts of the world, because it allows the production of more uniform offsprings (Radmann et al. 2009 ). The optimization of in vitro conditions is necessary to increase the multiplication in large-scale using bioreactors, which are more efficient than the conventional in vitro culture (Scheidt et al. 2009 ). However, many factors are involved for the success of an efficient micropropagation protocol. Plant mass propagation is extremely necessary to meet the demands of grapevine matrix plants of the proved genetic quality and health Schuck et al. 2012) . In tissue culture, carbohydrate sources play an important role as a source of energy and for maintaining the osmotic potential (Cuenca and Vieitez 2000) . The nitrogen constituent of the amino acids and proteins is an essential factor for the development of the plant. In tissue culture, this element has significant effects in the cellular division and morphology (Kirby et al. 1987 ). Organic nitrogen is very important for the cellular growth and amino acids have been used as the source of nitrogen in the culture medium (Behrend and Mateles 1975) . Moreover, the cultivars of grapevines demonstrate varied behavior in tissue culture, requiring specific studies for each cultivar, mainly when different species are used; therefore, the aim of this work was to study the influence of sucrose and glucose, different amino acids and BAP (6-benzylaminopurine) levels in solid and double-phase media on in vitro regeneration of fox grape cv. Bordô (Vitis labrusca) and grapevine cv. Chardonnay (Vitis vinifera).
MATERIALS AND METHODS

In vitro establishment
The plantlets of Vitis vinifera cv. Chardonnay and Vitis labrusca cv. Bordô were established in vitro through the nodal segments from the shoot cuttings cultured in growth room and sub-cultured each 30 days on half strength salts and vitamins of MS medium (Murashige and Skoog 1962) according to Goussard (1981) . These plantlets established in vitro were explant donors (fifth subculture), which were nodal segments (i.e. one centimeter height, without leaves and with one bud).
Carbohydrates
A three-way (2x2x3) analysis of variance (ANOVA) experiment was carried out. Factor A consisted of two cultivars (cv. Bordô and Chardonnay), factor B consisted of two sources of carbohydrates (sucrose and glucose) and factor C consisted of carbohydrate levels (15, 30 and 45 g.L -1 ). Basal medium was half strength MS medium solidified with 6 g.L -1 agar. Oxidation (%), percentage of explants forming new shoots (%), rooting (%), shoot length (cm), leaf number per shoot, root number per shoot, root length (cm) and fresh weight (mg) were evaluated after 60 days of in vitro culture. There was no subculture during the treatments.
Amino acids:
A two-way (2x8) ANOVA experiment was carried out. Factor A consisted of two cultivars (cv. Bordô and Chardonnay) and factor B consisted of 40 g.L -1 of different amino acids (adenine, asparagine, alanine, glycine, cysteine, glutamine, arginine) and a control. The basal medium was half strength MS medium, supplemented with 30 g.L -1 sucrose and solidified with 6 g.L -1 agar. Oxidation (%), percentage of explants forming new shoots (%), rooting (%), shoot length (cm), leaf number per shoot, root number per shoot, root length (cm) and fresh weight (mg) were evaluated after 60 days of in vitro culture. There was no subculture during treatments.
6-Benzylaminopurine
A three-way (2x2x3) ANOVA experiment was carried out. Factor A consisted of two cultivars (cv. Bordô and Chardonnay), factor B of two consistencies of medium (solid and double-phase) and factor C of BAP levels, which were 0, 1 and 5 µM. Basal medium consisted of half strength MS medium and 30 g.L -1 sucrose. For the solid phase, 30 mL medium solidified with 6 g.L -1 agar were used and for the liquid phase, 4.0 mL medium was used. Oxidation (%), percentage of explants forming new shoots (%), callus formation at the base of the stem (%), hyperhydricity (%), shoot number per shoot and fresh weight (mg) were evaluated after 60 days of in vitro culture. There was no subculture during the treatments.
Culture conditions and statistical analysis
All the media had their pH adjusted to 5.8 and were autoclaved at 1 atm and 121 ºC for 20 min. The cultures were kept at 25 ± 2º C under white fluorescent light (28 µM m -2 s -1 ) with a 16 h photoperiod. The experimental design was completely randomized in a factorial arrangement with four replicates of ten explants. The data was submitted to a normality analysis by the Lilliefors´s method, followed by the ANOVA and by Tukey´s test or Scott-Knott´s test, both at a P<0.01 and 0.05. The variables from the counting were transformed to 5 . 0 + x and variables from the percentages were transformed to arcsin 100 / x . All the statistical analyses were done following the procedures of the GENES software (Cruz 2001) . All the experiments were repeated at least twice.
RESULTS
Carbohydrates
There was no interaction among the cultivar and carbohydrates for all the variables. Nevertheless, interaction among the cultivar and concentration was significant (P<0.01) for almost all the variables, with the exception of the root length. The rooting percentage was the only variable with interaction between the carbohydrate type and concentration (B x C), and the interaction between the cultivar, carbohydrate type and concentration (A x B x C) was significant at P<0.01 and P<0.05, respectively (Table 1) . The cultivars presented statistical differences for the oxidation, shoot and rooting percentages, shoot length, leaf number per shoot, root number per shoot, root length and fresh weight. Bordô had better in vitro growth than Chardonnay cultivar for all variables (Table 2) . Chardonnay tissues oxidized more than those of Bordô cultivar ( Table  2 ). The results of oxidation percentage, shoot percentage, shoot length and fresh weight did not show differences in function of carbohydrate type and concentration (Table 1) . However, sucrose promoted better results in root percentage, root number per shoot and root length than glucose for both the cultivars (Table 2) . For the leaf number per shoot in Bordô cultivar, there was no statistical differences between sucrose and glucose ( Table 2) . The best result for rooting percentage was 50% in the medium containing 15 g.L -1 glucose in cv. Bordô. Glucose did not favor the rooting in cv. Chardonnay. Sucrose was more suitable than glucose for cv. Chardonnay; however the rooting percentage was lower (13.3%). Bordô explants cultured on the media containing 15 or 30 g.L -1 sucrose had higher rooting rate (40 and 53.3%, respectively) than on glucose containing media (Table 2) . Carbohydrate levels results were statistically significant for the root percentage, length shoot, leaf number per shoot, root number per shoot and fresh weight (Table 1) . Shoot length and fresh weight was higher at 15 and 30 g.L -1 in Bordô and there were no statistical differences in Chardonnay ( Table 2 ). The leaf number per shoot was higher at 15 and 30 g.L -1 in Bordô and at 30 and 45 g.L -1 in Chardonnay (Table 2) . Root number per shoot also presented higher values at 15 and 30 g.L -1 in Bordô and at 45 g.L -1 for Chardonnay.
Amino acids
The cultivars showed statistical differences for the leaf number per shoot, root number per shoot, fresh weight (P<0.01), oxidation and shoot percentages (P<0.05) but did not differ for the rooting percentage, shoot length and root length ( Table 3 ). The amino acids presented statistical differences for the oxidation and shoot percentages (P<0.05), leaf number per shoot, root number per shoot, fresh weight, rooting percentage, shoot and root length (P<0.01). There was interaction among the cultivars and types of amino acids for the oxidation percentage, shoot percentage and root number per shoot (P<0.05); other variables did not show interaction (Table 3) . Arginine presented the best result for oxidation reduction in cv. Bordô (25%) and glycine in cv. Chardonnay (37.5%) (Table 4 ). Arginine promoted the highest shoot percentage in cv. Bordô (75%) and glycine in cv. Chardonnay (62.5%). On the other hand, alanine favored higher root number per shoot in cv. Bordô (2.7) and glycine and arginine in cv. Chardonnay (1.2 and 1.3, respectively) ( Table 4 ). For both the cvs, glycine and arginine promoted larger rooting percentage (66 and 62.5%, respectively). Higher shoot length was reached with asparagine, glycine, glutamine and arginine (varying from 1.5 to 2.4 cm). Arginine allowed the largest leaf number per shoot (4.9) and cysteine, glutamine and arginine promoted the highest root length and fresh weight (Table 5) . 
6-Benzylaminopurine
The cultivars showed statistical differences for the oxidation, shoot, callus and hyperhydricity percentages (P<0.01). Consistency of the media presented statistical differences for the oxidation and shoot percentages (P<0.05), for callus and hyperhydricity percentages and fresh weight (P<0.01). The BAP levels showed statistical differences for the oxidation percentage, shoot percentage, callus percentage, hyperhydricity percentage and fresh weight (P<0.01). There was interaction among the cultivar and consistency of the media (A x B) for the oxidation, shoot, callus and hyperhydricity percentages (P<0.01). There was interaction among the cultivars and BAP level (A x C) for the hyperhydricity percentage and shoot number (P<0.01). There was interaction among the consistency of the media and BAP level (B x C) for the callus percentage and fresh weight (P<0.01). The triple interactions were significant for the callus percentage, hyperhydricity percentage and shoot number (P<0.01) ( Table 6 ). The Chardonnay showed higher oxidation rate than the Bordô. The presence of BAP decreased the oxidation percentage. Consistency of the media did not influence the oxidation percentage in cv. Chardonnay; however, on solid medium, the oxidation percentage in cv. Bordô explants was inferior to the rate observed on double phase medium ( Table 7) . The Bordô presented higher shoot percentage (i.e., the percentage of explants forming new shoots) than Chardonnay. The presence of BAP increased the formation of new shoots. The consistency of the media did not influence the shoot percentage in the cv. Chardonnay; however, there was a higher formation of new shoots on solid medium than on double phase medium in the cv. Bordô. The presence of the BAP increased the callogenesis in the cv. Bordô, but the consistency of the media and BAP levels did not influence it (varying from 82.5 to 100%). Nevertheless, in the cv. Chardonnay, the most suitable BAP level for the calli percentage was 5 µM, reaching 80% in the solid medium. Even in the absence of BAP, the callus was formed in the cv. Bordô explants cultured on the solid medium (80%) ( Table 7) . In order to reduce the callogenesis occurrence in the cv. Bordô, it was possible that the highest BAP levels could decrease the callus percentage, as observed in the cv. Perlette where nodal explants cultivated on the MS supplemented with 10 µM BAP promoted 50% callus comparing to 80% callus obtained in 5 µM BAP. However, the formation of new shoots was not influenced (Jaskani et al. 2008 ). In the cv. Chardonnay, the callogenesis decreased by using 1 µM BAP without alteration in the number of new shoots ( Table 7) . The Chardonnay had higher tendency to hyperhydricity than the Bordô. Double-phase medium did not promote hyperhydricity in the Bordô. On the other hand, Chardonnay cultured on double-phase medium had the most elevated hyperhydricity percentage even in the absence of BAP (10%). Hyperhydricity was also observed in the Chardonnay cultured on the solid medium. However, the percentage was lower than on double-phase medium. Hyperhydricity in the Bordô was just observed at 1 µM BAP in solid medium.
The most suitable BAP concentration to obtain an elevated number of leaves per explant and high fresh weight was 5 µM in double-phase system for the Chardonnay and Bordô, but the leaf number per explant did not differ on both types of the medium for cv. Bordô (Table 7) . However, it has been shown that 2.5 µM BAP was more efficient for the leaf number per explant in the nodal segments of cv. Bordô cultured on solid MS medium, but these nodal segments were introduced with a leaf , while in the present work, the leaves were cut. Moreover, the medium used was double-phase half strength MS medium.
DISCUSSION
Carbohydrates
Sucrose is a non-reducing sugar. In this, the ketone or aldehyde group is reduced to an alcohol or these groups are combined with a similar group from other sugar. Glucose is a reducing sugar (i.e., sugars containing an aldehyde or ketone group exposed). Non-reducing sugars are less reactive than the reducing sugars. Therefore, non-reducing sugars are more translocated (Taiz and Zeiger 2004) . In the tissue culture, shoot and root morphogenesis is strongly dependent on the carbohydrate supply. Sucrose is commonly used in the culture media for the morphogenesis; but a few reports have shown glucose as a better carbon source. However, glucose proved to be a regulatory factor in the root culture of Eucalyptus globulus where it induced up to 89% rooting (Corrêa et al. 2005 ) depending on what root formation stage it was applied. Bordô seemed to be more sensitive than the Chardonnay to the osmotic stress as the growth parameters decreased at 45 g.L -1 carbohydrates.
On the other hand, Chardonnay seemed to have more exigencies in terms of energy than the Bordô, while some growth parameters were favored at 45 g.L -1 carbohydrates, such as root and leaf number per explant and shoot percentage (Table 2) .
Amino acids
The preference for certain amino acid as the source of nitrogen can be associated to the genetic differences among the grapevine cultivars. The supplementation with amino acids can decrease or increase the oxidation in the nodal segments of grapevines. This result can be influenced by many factors, one of them could be due to the chemical nature of the amino acid. The amino acids can be grouped according to its R-group (i.e., R is an organic substituent); there are basic amino acids (e.g. arginine), acidic amino acids (e.g., glutamine and asparagine), aliphatic amino acids (e.g., glycine and alanine) and amino acids with a sulphur content side chain (e.g., cysteine) (Rossetti 1996) . It was possible that arginine decreased the oxidation percentage in the cv. Bordô because it was precursor of putrescine (i.e., a polyamine) (Tiburcio et al. 1985) . The putrescine decreases the oxidative damage and improves the plant regeneration by acting as plant growth substance (Tang et al. 2004 ). On the other hand, glycine decreased the oxidation percentage in the cv. Chardonnay, which could be associated to this amino acid as a precursor of nucleotides, which played central roles in the metabolism. Nucleotides serve as the sources of chemical energy (adenosine triphosphate and guanosine triphosphate), participate in the cellular signaling (cyclic guanosine monophosphate and cyclic adenosine monophosphate) and are incorporated into important cofactors of enzymatic reactions (coenzyme A, flavin adenine dinucleotide, flavin mononucleotide, and nicotinamide adenine dinucleotide phosphate) (Alberts et al. 2002) . The nitrogen from amino acids is assimilated more quickly by the carbonic skeletons during the metabolism and synthesis of proteins, when compared to the nitrogen from the inorganic sources (Carvalho et al. 2004 ). However, different amino acids have different functions in the plant metabolism. Glutamine and asparagine are sources of N frequently found in the phloem; asparagine also acts as an element key in the transport and in the storage of the nitrogen (Taiz and Zeiger 2004) . Arginine is also a source of nitric oxide (Polacco 1977) , which is an important molecule that acts in many tissues to regulate a diverse range of physiological processes (Palavan-Unsal and Arisan 2009). Cysteine is also a source of sulphate (Taiz and Zeiger 2004) . Another effect of amino acids in the tissue culture is the synergic effect with the plant growth regulators, as found in pigeonpea and peanut. In the peanut, the highest frequency of plant regeneration was induced by the BAP in combination with IAA or IAA-lalanine, while in pigeonpea, the BAP in combination with IAA or IAA-l-aspartic acid produced best results (Eapen and George 1993) .
6-Benzylaminopurine
The influence of BAP in the oxidation of the explants is dependent of the species or cultivar, besides the used concentration. In Melaleuca alternifolia, the increase in BAP level favored the oxidation in explants cultivated in the liquid and solid MS or WPM medium. The larger oxidation percentage for all the media was observed in 4.4 µM BAP ). On the other hand, in Vitis vinifera cv. Merlot, the BAP levels did not influence the oxidation percentage (Carvalho et al. 2011) . But meristems of grapevine cv. 'A Dona' cultured in the presence of 2 to 10 µM BAP presented reduced percentage of oxidation (Passos et al. 1985) . At the stage of in vitro multiplication, the capacity of the explants to survive, to develop and proliferate is the consequence of several factors, such as genetic, physiological factors and environmental conditions of culture (Kozai et al. 1997 ). BAP has a great influence in the shoot proliferation of grapevines, as observed in cv. Merlot (Carvalho et al. 2011) , cv. Bordô ) and grapevine rootstock cv. 'VR043-43' (Machado et al. 2007 ). The consistency of the culture medium also exercises fundamental effect on the morphogenesis and on the shoot growth (Karasawa et al. 2002) . Nutrients and water present in the double-phase medium have largest ability to be absorbed, due to a greater amount of nutrients and water available; besides, there are no physical barriers in the culture medium, which increases the explant contact with the nutrients and water whereby it usually increases the multiplication rate. Nodal segments of Vitis vinifera cv. Albariño cultivated in the double-phase medium supplemented with 8.8 µM BAP had a two-fold increase of the multiplication rate when compared with the culture in solid medium (Couselo et al. 2006) . This was different from the present results, where the use of the double-phase medium produced results (percentage of explants forming new shoots) similar to those obtained on solid medium for Chardonnay and inferior results for Bordô cv. These differences could be due to genetic characteristics of these cultivars; moreover, the BAP level was lower (1 and 5 µM) than used by Couselo et al. (2006) that was 8.8 µM.
The double-phase medium promoted hyperhydricity in Chardonnay, which was also observed in cv. Albariño (Couselo et al. 2006) . Hyperhydricity is a complex phenomenon that can provoke the death of the plant and can be caused by several factors, the main being the high relative humidity in the flask, especially when the medium is liquid (Abdoli et al. 2007; Haq and Dahot 2007; Scheidt et al. 2011; Silva et al. 2012) . High BAP levels also induce hyperhydricity occurrence . The hyperhydricity in liquid culture can be controlled by osmoregulators such as maltose and sorbitol (Ziv 1989 ) and improved vessel aeration (Rossetto et al. 1992 ). The capacity of calli formation promoted by the BAP in grapevine is already known (Jaskani et al. 2008) . Similar results were obtained in the nodal segments of grapevine rootstock cv. ´Jales´, where the BAP induced the calli formation, varying between 32.8 and 100%, for the concentrations of 2.5 to 10 µM (Biasi et al. 1998 ) and in Vitis vinifera cv. Merlot, in which 2.5 and 5 µM BAP favored the calli formation in the internodes, reaching 56.6 and 61.6%, respectively (Carvalho et al. 2011 ). However, it is difficult to induce efficiently the shoots in the grapevines using the BAP without inducing the calli simultaneously. When the purpose is to produce in vitro seedlings, direct organogenesis (i.e., without an intermediate callus phase) is preferred in order to avoid the somaclonal variation. On the other hand, somaclonal variation can be useful source of new variation for genetic breeding. The diversity of results obtained for both the cultivars applying the same culture medium, BAP levels, carbon source and amino acids indicated that the in vitro development was genotypedependent.
CONCLUSIONS
For in vitro shoot regeneration from the nodal segments, best results culture on solid medium were with 5 µM BAP, 15 g.L -1 sucrose for the Bordô and 45 g.L -1 sucrose for the Chardonnay, supplementation with 40 g.L -1 arginine for the Bordô and 40 g.L -1 arginine or glycine for the Chardonnay.
